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Introduction
There has recently been increased interest in the effectiveness of financial incentives for students to improve their achievement Lavy 2002, 2009; Dearden et al. 2002; Kremer, Miguel, and Thornton 2004; Angrist, Lang, and Oreopoulos 2009) . One reason for this interest is the impression that students often do not exert sufficient study effort. Standard economic theory predicts a positive relation between financial incentives and achievement. Yet insights from behavioral economics and mixed empirical evidence cast doubt on the strength of this relation in each context and for each group of individuals. Camerer and Hogarth (1999) review 74 studies in which subjects were paid zero, small, or large financial rewards for a large variety of tasks. The effects of incentives on performance in these studies are mixed and complicated. Camerer and Hogarth highlight two important factors to explain the variation in findings: the importance of intrinsic motivation, and the match between what is needed to earn a reward and individuals' capabilities. Both factors are likely to play an important role in education contexts. Students, especially those in higher education, are likely to have some degree of intrinsic motivation. The introduction of financial incentives may have adverse effects and may (partly) crowd out students' instrinsic motivation. Students are also heterogeneous in their academic aptitudes, so a given requirement to obtain the reward will be easier to fulfill for some than for others. Those for whom the requirement is clearly out of reach will not put in more effort. Ultimately the effect of financial incentives in education will therefore be an empirical question.
This paper studies the effect of financial incentives on achievement and effort by means of an experiment among first-year undergraduate students in economics and business at the University of Amsterdam. The experimental design assigned freshmen to three different groups. Students assigned to the large reward group could earn a bonus of NLG 1,500 (€681) on completion of all first-year requirements by the start of the next academic year. That is, they had to collect all 60 credit points in one year, where historically about 20% of students pass all firstyear exams within a year and the average number of credit points collected in a year is about 30 (with a standard deviation of 22). Students assigned to the small reward group could earn a bonus of NLG 500 (€227) for this achievement. Students who were assigned to the control group could not earn a reward. The design with both a small and a large reward potentially allows us to separate the effect of receiving a financial reward from the effect of the size of the reward. In order to examine the heterogeneity of incentive effects by student ability, the randomization was conducted in such a way that the ability distributions in the three groups are identical.
To briefly summarize our results, for the full sample we find a small and insignificant positive effect of the large reward on achievement, both measured by pass rates and numbers of collected credit points. This is, however, the result of two opposing effects. High-ability students have higher pass rates and collect significantly more credit points when assigned to (larger) reward groups. In contrast, low-ability students appear to achieve less when assigned to the large reward group. At the end of the first year these effects are significant only for the high-ability group, but after three years the sizes of the effects have increased and are statistically significant for both low-and high-ability students. This suggests the presence of positive dynamic spillovers because the rewards were tied to first-year performance only. It is sometimes argued that financial rewards induce students to work harder while the incentive is in place, but not afterward. Our findings do not confirm this mechanism.
A few other studies also present experimental evidence on the effectiveness of financial incentives in the context of educational production and on how students respond to financial rewards. Angrist and Lavy (2009) analyze the effects of financial rewards on students' achievement in an experimental setting. They evaluate the effectiveness of financial incentives that reward secondary education matriculation in Israel and find that the intervention led to a substantial increase in matriculation rates among girls. Angrist, Lang, and Oreopoulos (2009) evaluate how merit scholarships and study-group services affect achievement at a large Canadian university. They find no effects for boys. Girls had improved grades, which faded somewhat after a year, and the treatment that combined the merit-scholarship with peer advising and study-group services was more effective. Kremer, Miguel, and Thornton (2004) analyze the effects of financial rewards on achievement for primary school girls in rural Kenya by means of a randomized experiment. The experiment was conducted in two districts in western Kenya and shows large positive effects on both achievement and school attendance in one of these districts. There is also evidence for substantial externalities. Although only girls were eligible the authors find that boys (who were ineligible), and girls with low initial achievement (who were unlikely to earn a reward) also experienced higher test scores and school attendance. 1 The remainder of this paper is organized as follows. Section 2 provides relevant background information about the Dutch system of higher education and the economics and business program at the University of Amsterdam. Section 3 explains the design of the field experiment and describes the data and it also discusses potential threats (such as substitution bias, manipulation by teachers, and externalities) to the validity of the experiment and concludes that these are unlikely to affect our conclusions. Section 4 presents the impact of the financial rewards on performance during the first year. Section 5 discusses the evidence on students' study time and effort. In Section 6 we turn our attention to the long-term impact of the intervention on performance and dropout. Section 7 summarizes and discusses our findings.
Background
University education in the Netherlands is accessible to students with a "qualification" from the pre-university track in secondary education. This secondary 1. Two other programs worth mentioning, although they do not have an experimental setup, are the Education Maintenance Allowance (EMA) in the United Kingdom and Colombia's PACES program. Both interventions provide financial incentives for achievement. The EMA gives lowincome families a payment for enrollment and achievement. Assignment to treatment is, however, not random. Dearden et al. (2001 Dearden et al. ( , 2002 describe the evaluation of this program. PACES is a program in which more than 125,000 Colombian pupils received vouchers covering about half of the cost of private secondary school. Vouchers were renewed only for pupils who maintained satisfactory academic performance education qualification can be obtained only by passing a uniform nationwide exam. The relevant secondary education exit requirements are set such that they are considered to be sufficient university entry requirements, so all students starting a university education in economics or business are presumed capable of actually graduating (if they exert sufficient effort). In the academic year 2001-2002 there were 34,200 first-year students at Dutch universities, which is about 17% of the relevant birth cohort. Universities are not permitted to select students; anyone who applies with a valid entry qualification must be admitted. 2 Thus, selection in the Netherlands takes place at the exit of secondary education, not at the entry of higher education.
Six Dutch universities offer an undergraduate program in economics and business. Although there are small differences between the programs offered by these universities, they can be considered as close substitutes. Not only do they attract students from the same pool of secondary school graduates, they also prepare their students for the same labor market (although people do tend to stay in their region of origin).
The undergraduate program in economics and business at the University of Amsterdam has a nominal duration of four years. In the first academic year, which runs from September until August, all students in economics and business follow exactly the same program of 14 compulsory courses. The first-year program was divided into three terms of 14 weeks each in the year that the experiment was conducted. It is important to note that, because the program is fixed, students cannot substitute easy for difficult courses. Every term ended with exams shortly after the courses finished, and the re-take exams (for students who fail the regular test) are organized in March-April and the last week of August. The first academic year thus consisted of 42 study weeks, which are allotted to different courses in the form of 60 credit points. (Table 1 gives an overview of the first-year courses and the number of credit points assigned to each course.) It is only after the first term of their second academic year that students choose different packages of courses to specialize either in economics or in business.
The first-year pass rate among students in economics and business at the University of Amsterdam is typically in the vicinity of 20%. Such low pass rates are not uncommon in continental European countries (Garibaldi et al. 2007 ) and can be attributed to an institutional arrangement under which universities are publicly funded and tuition fees are low or nonexistent. As a consequence, students are not confronted with appropriate prices and spend more time in the system than the nominal duration of their studies. Nominal study schedules operate on the assumption that the average student should spend 40 hours per week (during 42 weeks per year) studying in order to complete in time. Surveys (including ours) asking students about their actual study time typically find self-reported average amounts slightly above half that. Hence, the consensus is that the low pass-rate in the first year (and the long actual study durations) should be attributed to insufficient student effort and not to the program being too demanding. Casual observation (based on information from colleagues at different universities throughout Europe) confirms that the study program at the University of Amsterdam is not more demanding than elsewhere. This claim is also supported by comparing the results of the regular Dutch students to the results of foreign students enrolled in the English language program (which was not part of the experiment). The first-year pass rate in that otherwise similar program is more than double that of the Dutch language program. For society, study delay imposes a cost in the form of extra expenditures on education and the forgone productivity of the students. The Department of Economics at the University of Amsterdam has an incentive to increase the pass rate because funding depends in part on the number of credit points awarded each year. There are other reasons to address the delay of students: Teaching becomes more difficult because not all students are on schedule, and the failing and re-taking of courses and exams also implies more crowded classrooms and more grading. Moreover, once a year a ranking of university departments in each field is published which is aimed at secondary education students who are in the process of choosing their university education. The first-year pass rate is one of the inputs of this ranking.
At the beginning of the third trimester in the academic year 1999-2000 the low pass rate among first-year students spurred the dean of the economics department to promise all econometrics freshmen a reward of NLG 1,000 (€454) upon fulfilling all first-year requirements before the start of the next academic year. In the Netherlands, undergraduate econometrics is a separate program from economics and business, and it attracts students from the upper part of the ability distribution. In the year that this reward was in place, the pass rate was 50% compared with 28% in the previous year (cf . Hilkhuysen 2000) . It is difficult to establish a causal relation between the financial incentive and the increased pass rate given the non-experimental nature of the intervention. Although the increase of 22 percentage points in the pass rate may be the causal effect of the reward, this need not be the case. Plausible alternative explanations for the increased pass rate include a higher quality of the student cohort, less demanding courses, and less strict grading of exams. Nevertheless, the results suggest that a financial incentive may be a very effective policy intervention.
Experimental Design and Data

Design
We conducted a field experiment among first-year economics and business students at the University of Amsterdam to investigate the effectiveness of financial rewards in improving achievement of university students. The experiment took place in the academic year 2001-2002. To ensure that all students were treated identically, participation in the experiment was open only to students who (i) followed the full-time (Dutch language) program, (ii) did not claim more than 1 credit point dispensation, 3 and (iii) did not start the economics and business program in a previous year. In total, there were 254 eligible students.
Participation in the experiment was voluntary. On 1 October 2001, almost one month after classes started, we sent all first-year students a letter inviting them to participate in the experiment. This was the earliest possible date given the availability of addresses from the student administration. The letter explained the purpose of the experiment and informed students that participants would be randomly assigned to three equally sized groups with equal odds for all students. The letter also explained that participation required students to grant the researchers permission to link information from the experiment to information from the student records about their achievements. Students received a fixed payment of NLG 50 (€22.69) for returning a completed participation form, which included a short questionnaire. After a reminder and a telephone round, 249 students participated in the experiment (98% of all eligible students). Three students could not be reached, and two students explicitly rejected participation. The questionnaire collected information on respondents' math grades in high school and their parents' education.
Participants were randomly assigned to three different groups: a control group, a large reward group, and a small reward group. To earn a reward, treated students had to pass all first-year requirements before the start of the next academic year. In other words, they were required to collect 60 credit points in a period of one year.
The reward sizes of the large and small reward groups were NLG 1,500 (€681) and NLG 500 (€227), respectively. Given the substantial increase in the pass rate attributed to the NLG 1,000 (€454) reward for econometrics students described in Section 2, we expected the rewards in the present experiment to be sufficiently large to increase pass rates. Moreover, calculations made at the start of the study showed that the increase in passing rates that would be necessary to obtain some reasonable statistical power was well within the 22-percentage-point increase in passing rates found in the study of econometrics students.
The random assignment was accomplished by stratifying participants in terms of their high school math score and parents' education. For math score we defined eight intervals and for parental education three intervals, resulting in 8 × 3 = 24 strata. Two strata (with the lowest parental education and highest math scores) did not contain any participants. The other 22 strata contained between 2 and 28 individuals. If a stratum contained more than three participants then we randomly assigned one participant to each group (high reward, low reward, and control). We repeated this process until the stratum contained fewer than three unassigned participants. Remaining unassigned participants were randomly assigned to the groups with the proviso that no two remaining unassigned participants could enter the same group. A total of 83 students were assigned to the large reward group, 84 students to the small reward group, and 82 students to the control group.
This procedure precludes random assignments that result in groups that differ in ability or parental education. Because we seek to investigate differences in incentive effects between high-and low-ability students, it is crucial that the ability distribution of the different groups is similar.
On 29 November, letters were sent informing participants about their assignment status. The first exam of the first term was on 28 November, the others in December. The exams of the second and third term took place during the next calendar year in March-April and June-July, respectively. The re-take exams were held in August. Table 2 presents descriptive statistics of the background characteristics for the complete sample and for the three rewards groups. We also split the sample into Table   2 .
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Self-assessed pass probability a low (below-average) ability group and a high (above-average) ability group. 4 Ability was measured by students' high school math grades (which range, worst to best, from 1 to 10). The Dutch pre-university secondary education offers two programs in mathematics: Math A and Math B. Math A is considerably less advanced than Math B. Students are allowed to take exams in both programs, but Math A is not a prerequisite for Math B. The better students enroll in Math B and often (about 40% in our sample) take Math A on the side. For these students, their Math A grade is on average 1.5 points higher than their Math B grade. We assign to the high-ability group either students who score a 6 or higher on the Math B exam or an 8 or higher on the Math A exam. Otherwise, the student is assigned to the low-ability group. This results in 107 students in the high-ability group and 142 students in the low-ability group. Splitting the sample exactly in two is not possible owing to the discrete nature of the mathematics grades.
The table shows that the randomization balances the characteristics well between the treatment and control groups. Only one difference between treatment groups is statistically significant at conventional levels. The difference in Math B grade between students in the control group and in the large reward group is significant with a p-value of 0.091. Note that in the low-ability subsample there are only four students in the control group and five students in the large reward group who have a grade for Math B, since most of these students took only Math A in high school. The balancing is also confirmed by rank-sum tests on ability that compare the control versus the low reward group (p = 0.669), the control versus the high reward group (p = 0.746), and the low reward versus the high reward group (p = 0.898).
The pre-assignment questionnaire also asked participants about their own perceived probabilities of fulfilling the requirement of passing all exams within the first academic year if they would be assigned to the control group, the small reward group, or the large reward group. This gave us an indication of the anticipated effect of the rewards before the experiment actually took place. The average expected probabilities are reported in the bottom part of Table 2 . Without a reward, the average subjective anticipated pass rate is 0.55. Given that the actual pass rates in previous years were about 0.20, students seem overconfident at the beginning of their study. In the small reward scenario the expected pass rate increases to 0.63, and it increases to 0.71 for the large reward. This implies that ex ante the students themselves expected quite sizable effects from the rewards. No differences are observed across groups. Conditional on ability (as proxied by the available math grades), the self-assessed pass probability for the control treatment could be 
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interpreted as a measure of intrinsic motivation. We add this as a control variable in the analyses. After the experiment ended, a second questionnaire was sent to all participants. Upon completion, students received a payment of €25. In total 234 participants responded, or 94% of all participants. This post-experiment questionnaire asked questions concerning the time students spent on their studies during the past year, their work activities during the past study year, and possible supplementary rewards offered by third parties.
Threats to Validity
Three confounding factors may threaten the validity of our findings. First, there may be treatment substitution bias. Parents may promise a reward or supplement the reward if students are assigned to the control or small reward group, respectively. Hence all participants would be confronted with essentially the same treatment and we would find no differences between the three groups. To investigate whether such responses actually took place, the post-experiment questionnaire asked whether someone else (for instance parents) promised a reward for passing all first-year exams. Table 3 reports, for each reward group, the share of students responding affirmatively to this question along with the mean values of the size of these supplementary rewards. The table shows that supplementary rewards are fairly uncommon, and we therefore expect them to have no impact on our findings. Observe that negative treatment effects for low-ability students can be explained by substitution bias only if the low-ability students in the control group were promised rewards exceeding the rewards of the experiment. Such a pattern is not present in the data.
A second possible confounding factor is that teachers may grade exams differently for students in the reward groups than for students in the control group. Although teachers are in principle unaware of the treatment status of their students, students could communicate their status in the hope that teachers will grade their exams more favorably. This seems unlikely for two reasons. First, students from the control group could also claim that they belong to a reward group if doing so would mean that their exam will be graded more favorably. A second and more important reason is that, during the first academic year, most exams are multiple-choice tests. Such tests give teachers little leeway to manipulate grades of specific students. A final possible confounding factor is that if the rewards induce students in the reward groups to work harder, then this behavior could spill over to their peers in the control group. We consider it unlikely that spillover effects influence our findings. The overall pass rate of the students in our experiment-and, in particular, of the control group-is very similar to the pass rates of previous cohorts, and information about student effort from previous cohorts is in line with student effort among those who participated in our experiment. There is also no change in the composition of the student population in terms of secondary school grades for mathematics.
Effects on Achievement
The financial reward was tied to collecting all 60 credit points in the first-year. We therefore start by reporting the impact of treatment on the first-year pass rate and on the number of credit points students actually collected in the first year. Table 4 shows the sample means for all students together and also by treatment and ability group. The first-year pass rate increases with the size of the reward from 0.195 in the control group to 0.202 and 0.241 in the small and large reward groups, respectively. This increasing pattern is present in both ability groups, although differences are not significant. Notice also the large difference in pass rates between high-and low-ability students: High-ability students in the control group have much higher pass rates than low-ability students in the large reward group. This difference is significant (p < 0.01).
At the end of the first year, students have on average collected 32.5 (out of 60) credit points. The differences between the control and reward groups are small and not significant. Yet this finding, based on averages for the full sample, hides opposing effects for the high-and low-ability groups. The number of credit points collected in the high-ability group is increasing with the reward, whereas the converse holds in the low-ability group. Figure 1 shows separately for the high-ability and the low-ability students the cumulative distribution functions of the number of credit points achieved after one year for the three treatment groups. The upper left-hand panel shows the first-year outcome distributions for high-ability students and the lower left-hand panel for low-ability students. It is immediately clear that for high-ability students the outcome distribution for the large reward group stochastically dominates the distributions of the other two groups. For the low-ability students we observe the opposite: The outcome distribution for the large reward group is stochastically dominated by the outcome distribution for the small reward and control groups. Thus it seems the large reward has a positive incentive effect at the top of the ability distribution but a negative effect at the bottom of the ability distribution. The ordering of the distributions seems to be monotonic with reward size, with the order reversed at the bottom of the ability distribution.
The raw means in Table 4 and the graphs in Figure 1 both suggest strong interaction effects between reward size and ability. We now test this more formally by estimating linear regressions of the form
where D S i and D L i indicate that student i is assigned to the small and large reward group, respectively. For the descriptive results and the graphs in Figure 1 , it was convenient to distinguish only two ability groups, but for the regression analyses we exploit all the ability variation available in the data. The variable A i is thus the ability index based on the high school math score of student i, measured on a scale from 1 to 10. As additional regressors we include parents' education and the student's self-assessed pass probability (in the absence of a bonus). We include these controls which correct for remaining differences between groups and reduce the residual variation, in order to improve the precision of our effect estimates.
We estimate the equation both with and without the interaction term between the reward size and the ability index. If we ignore these interaction terms, the parameters δ S and δ L give the average treatment effects of promising (respectively) a small and a large reward. Once we add the interaction terms, the model allows for heterogeneous treatment effects. To illustrate the interpretation of the coefficients with this specification, δ S gives the main (intercept) effect of the small reward and δ A S traces the effect of the small reward for different levels of ability (1 point on a 10-point scale). The effect of a small reward for a student who scored a 10 (the highest possible score) on her high school math exam is then δ S + 10δ A S ; the effect for a (low-ability) student who scored a 4 is δ S + 4δ A S . Table 5 shows the estimation results. First we focus on the average treatment effects, ignoring the interaction effects between the reward size and ability. The estimate for the effect of the small reward on the pass rate is 0.014 and is 0.049 for the large reward. The pass rate thus increases with reward size, but the estimates are not significant. Similarly, there is no significant effect of the reward on the number of collected credit points.
Next we consider the interaction effects of reward size and ability in columns (2) and (4). These results confirm the descriptive results in Table 4 and the graphs in Figure 1 . The interaction between reward and ability has a positive effect on all outcome variables (negative for the drop-out rate) and is larger for the large reward than for the small reward. We thus find that there is significant heterogeneity in the behavioral response to financial incentives that cause low-ability students to perform worse and highability students to perform better. Conditional on ability, these relationships are monotonic over the range of the rewards that were offered.
These results are consistent with the framework proposed by Camerer and Hogarth (1999) , where the introduction of financial rewards yields both an incentive effect and a loss of intrinsic motivation. Whether the incentive effect is sufficiently large to compensate for the loss of intrinsic motivation depends on the gap between unincentivized achievement and the achievement threshold to which the incentive is tied. If for low-ability students this gap is large and the threshold infeasible, then the incentive effect will be zero and so the potential loss of intrinsic motivation dominates. 5 For students at the higher end of the skill distribution the threshold is feasible, and if the gap is positive then a positive incentive effect may dominate the loss of intrinsic motivation. This latter result is consistent with results reported in Angrist and Lavy (2009) , who find that only those subjects in the upper part of the ability distribution respond to the rewards offered in their experiment.
5. This interpretation assumes that intrinsic motivation is reduced only by actual exposure to financial rewards and not by the mere announcement of the randomized experiment. If the announcement does have an effect then we assume that it is less than the effect of actual exposure. In that case, our estimates can be seen as a lower bound on the effect due to a loss of intrinsic motivation for low-ability students.
Effects on Effort and Time Allocation
The effect of rewards on achievement is a reduced-form effect. It disentangles neither the effects of rewards on effort nor subsequently those of effort on achievement. Furthermore, promising rewards might change study behavior. It may be, for example, that (low-ability) students in the control group focus on only a limited number of exams whereas similar students in the reward groups must succeed on all exams to have a chance of earning the reward. This might result in students in the reward groups having a lower probability of passing a particular exam than students in the control group. We therefore collected information about students' study behavior and effort levels to examine whether the rewards had an impact on effort. The administrative records provide the number of exams taken by each student, and the post-experiment questionnaire included the following questions:
• "How many hours per week did you on average spend on your study in economics and business during each of the three trimesters of the past academic year? (We want to know the total average time spent on your study, this means including following and preparing lectures and courses and preparing for exams.)" • "How many hours did you spend in total on preparing for re-take exams held in August? (Here we want to know the total number of hours, not the average per week.)" Table 6 reports descriptive statistics on the various effort and time allocation measures by reward and ability groups. It shows that there are no substantial differences in exam-taking between the control group and the reward groups. Highability students take about 11 to 12 exams including 2 re-take exams, whereas low-ability students take about 10 exams including 2.5 re-take exams. Among the low-ability students, those in the control group take the most exams. This rules out one possible explanation for the negative effect of rewards on the achievement of low-ability students: that the reward forces these students to take too many exams, resulting in a high failure rate. The finding that low-ability students take fewer exams when assigned to a reward group is another indication that their intrinsic motivation is reduced by rewards. For high-ability students, those in the large reward group are slightly more likely to re-take exams during the summer.
In the full sample, average study time in the control group is 23.7 hours per week during the first trimester and decreases to about 19 during the second trimester and 17 during the third trimester. Students in the control group spend on average 29.5 hours preparing to re-take exams during the summer. Quite a few students report that they do not spend time at all on their study, which affects the averages for the second and third trimesters and for the summer period. These Table   6 .
Descriptive statistics for time allocation by reward and ability group. 
Weekly study hours, 2nd term are the students who dropped out and, for the summer period, those who did not re-take exams. 6 Students in the treatment (reward) groups tend to spend slightly less time on their studies, but the average time spent is similar across groups: differences neither substantial nor significant.
For high-ability students there are hardly any differences in study effort between those in the control group and both reward groups. For low-ability students, those in the high reward group devote on average less time to studying than students in the control group, which is consistent with the negative effects we find for low-ability students.
The questions about study time can measure actual effort only imperfectly. The responses are subjective and retrospective, and they measure only the time and not the effective input per hour. Even though the resulting biases may cancel out in comparisons across groups, it is desirable to have additional information about study effort. Hence the questionnaire also included items concerning time spent on paid work, whether respondents joined a fraternity, and whether they lived with their parents.
About 80% of the students combine studying with work, and those who work spend slightly more than 12 hours per week on this activity while earning on average €7.60 per hour. Here we see no differences between the reward and control groups, except that high-ability students in the large reward group work less than all other groups. Finally, the rewards did not deter students from joining a fraternity or from moving out of their parents' house.
We estimated regression equations for study effort and exam taking, which are the most relevant effort and study behavior variables. In these analyses we use average weekly study effort, which is constructed using the weekly study effort in each of the three terms and the effort during the summer period. Each term consists of 14 weeks, so total annual study effort is 14 times the weekly study effort in each of three terms plus total study effort during the summer. Because the re-take exams are given during two weeks in the summer, the total academic year consists of 44 weeks. Therefore, the average weekly study effort is the total annual study effort divided by 44. We also use the total number of exams taken, which is the sum of the regular exams and the re-take exams. 7 Table 7 shows the estimation results. Although for self-reported effort none of the effects is significant, the estimates are consistent with the results on achievement: Low-ability students in the reward groups spent less time studying, whereas high-ability students in the reward groups report that they spent more time on their study. That we do not find significant effects of the rewards on students' 6. In the first trimester three respondents reported zero study effort; in the second trimester 33 respondents did so and in the third trimester 39. Zero hours were spent preparing for the August retake exams by 83 students, of which 22 were not required to re-take exams. For the sample reporting positive numbers, the distribution of study time is bell shaped. 7. As indicated in footnote 6, 22 students passed all the regular exams and thus did not re-take any. self-reported effort is likely to be at least partly due to measurement error in the effort variables, which is also what Kremer, Miguel, and Thornton (2004) report. They find significantly positive effects of their rewards on observed school attendance but insignificant effects on self-reported measures of effort (and attitudes toward education). Students in the reward groups take slightly fewer exams on average than students in the control group, but the differences are not significant. However, if we consider again the ability interaction, then the effects show the same pattern reported previously. High-ability students take more exams if assigned to a reward group, whereas low-ability students take fewer exams if assigned to one of the reward groups. These interaction effects are significant at the 10% level for the small reward and at the 5% level for the large reward. This, too, is consistent with rewards stimulating the study behavior of high-ability students while reducing the intrinsic motivation of low-ability students.
Performance Externalities
The rewards were tied to first-year performance only. It is nevertheless interesting to examine the impact of the rewards on students' achievement in the longer run. Opposing effects may be at work. On the one hand, students who worked harder when the incentive was in place may slow down afterward. On the other hand, good (respectively, bad) performance during the first-year may have a stimulating (respectively, discouraging) impact on effort and achievement in subsequent periods. Moreover, being on schedule after the first year may make subsequent studying easier because one need not re-take exams and is better prepared for more advanced courses. This section presents the effects of first-year rewards on achievement in the second and third year and on cumulative achievement after three years. Table 8 shows the raw sample means of the number of credit points collected in the second and third year for all students together and by treatment and ability group. High-ability students collect about 30 credit points each year, whereas low-ability students earn about 20. For high-ability students the number of credit points collected each year increases with the size of the financial reward, but the pattern is decreasing for low-ability students. This pattern is identical to the one observed in the first year. Table 8 also reports the cumulated number of credit points after three years and the dropout rate after three years. Again, the same picture emerges: Highability (respectively, low-ability) students collected more (respectively, fewer) credit points when exposed to a larger financial incentive. Results for the dropout rate reiterate this pattern: High-ability students are less likely to drop out when they could earn a larger reward in the first-year, and low-ability students are more likely to have dropped out if assigned to one of the treatment groups. The drop-out rate is lowest for high-ability students in the large reward group and is highest for low-ability students in the large reward group.
We continue by presenting results of estimating equation (1), now using credit points in the second year, credit points in the third year, cumulated credit points after three years, and the dropout rate after three years as the dependent variables. The odd-numbered columns in Table 9 report results from specifications without interaction effects of reward size and ability (measured on a 10-point scale); the even numbered columns are based on specifications that include these interactions. Although the results in the columns without interaction effects suggest that financial rewards have no significant impact on later outcomes, the results in the columns that include interaction effects reveal that this zero average impact hides heterogeneous treatment effects. The interaction terms affect achievement positively, and this positive effect increases with the size of the reward.
The pattern of performance spillovers reported in this section indicates that high-ability students who were induced by the financial incentive to perform better in the first year do not slow down in subsequent years; instead they benefit from the positive feedback received in the first year and from not having to retake (many) exams. In contrast, low-ability students whose first-year work was adversely affected by the impact of the reward scheme on their intrinsic motivation seem to have become discouraged by their poor performance and the resulting lack of positive feedback. Achievement externalities (2nd and 3rd year) and credit points and drop-out (after 3rd year). Table   9 .
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Conclusion
This paper reports on a randomized experiment that investigated the effects of financial incentives on undergraduate students' achievement. The target population consists of first-year economics and business students at the University of Amsterdam. The students, who were randomized into three reward groups, could earn a reward upon passing all first-year exams before the start of their second academic year. In the large reward group the reward was €681 and in the small reward group it was €227. Students in the control group did not earn a reward. We find that the average effects of the rewards on the first-year pass rate are small and not statistically significant. There are no average effects on the number of achieved credit points by the end of the first year. Further breakdown of these results suggests that there is significant heterogeneity in the behavioral response to the financial incentives. High-ability students have higher pass rates and collect significantly more credit points when assigned to larger reward groups. In contrast, low-ability students appear to achieve less when assigned to larger reward groups. After the first-year these effects are significant only for the high-ability group, but after three years effect sizes have increased and are statistically significant for both the low-and high-ability group.
One interpretation of our findings follows Camerer and Hogarth (1999) in emphasizing the importance of the match between the student's ability and the performance threshold and how effort translates into achievement. The performance threshold tied to the reward can result in a binding participation constraint at the bottom of the ability distribution which will result in zero incentive effects for low-ability students. If, at the same time, financial rewards have important displacement effects on intrinsic motivation then these factors could explain both the negative relationship between reward (size) and achievement for low-ability students (for whom the displacement effect dominates the incentive effect) and the positive relation for high-ability students (where the incentive effect dominates the displacement effect).
Our findings add to the small and mainly non-economic literature that highlights the potentially detrimental effects of financial incentives. In environmentssuch as education-where intrinsic motivation is important, this possibility calls for a careful design of reward schemes.
